Introduction
Sterilization is a process of inactivating microorganisms that can be anywhere, anytime [1] . Today, the sterilization method with radiation is often used in order to improve hygienic quality of the food, drugs and pharmaceutical raw materials, disposable medical products as well as to prolong 386 their shelf lives and prevent food borne diseases [2] [3] . Because, thanks to the powerful penetration ability of gamma rays, sterilization method with radiation can be applied to the product to be sterilized even in the final packaging stage of the product and it doesn't leave any chemical residues behind [4] . In addition, the product sterilized with gamma rays doesn't display any radioactivity and its temperature doesn't increase [5] . However, in addition to these advantages, gamma rays have also some disadvantages due to their high energies. Free radicals created in the product by gamma rays and the regulations vary from country to country in respect to method of irradiation are some of these disadvantages [6] . Therefore, consumers would like to know whether the product they consume is exposed to any radiation practice; and the amount of dose in kGy if it is exposed to radiation [7] . As a result, it is necessary to investigate the radiation sensitivity of the raw materials of drugs to be exposed to radiosterilization. Electron Paramagnetic Resonance (EPR) spectroscopy is one of the leading methods used to investigate the radiation sensitivity of irradiated samples of food and drugs [8] [9] .
In this study, it has been aimed to determine radiation sensitivity of free radicals formed in the structure of SU drug sample using EPR technique after getting irradiated by certain doses of gamma rays.
Materials and Methods
SU were achieved from Aldrich-Sigma. Commercial name, chemical formula, molecular weight (g/mol) and chemical structure of SU is given in Table 1 . Powder of SU (≈30 mg) were irradiated at different doses of up to 15 kGy by a 60 Co-γ ray source at room temperature (293K) at the Sarayköy Establishment of Turkish Atomic Energy Agency in Ankara. After the irradiation, the sample were kept in plastic bag, and left in the dark at room temperature. EPR measurements were carried out on samples in standard quartz EPR tubes at room temperature with a bruker model spectrometer operating at microwave power 1 mW, microwave frequency of 9.8 GHz, modulation amplitude 0.1 mT, magnetic field modulation frequency 86 kHz. The evolutions of the EPR signal with received radiation dose and storage time were followed by calculating the signal area determined by double integration of derivative EPR spectra. The g factor was calibrated by comparison with a DPPH sample (g=2.0036). 
Results and Discussions
Sulfapyridine is one of the widely used synthetic anti-microbial agent of the sulfonamide class having the bioactive p-amino group and is employed almost exclusively for the treatment of 387 pneumonia [10] . Sulfonamides are a major class of broad-spectrum synthetic antibiotics, widely used to treat respiratory, skin, and urinary tract infections, and as animal growth promoters [11] . In Fig. 1 , the EPR spectra of SU powder irradiated at different radiation doses is presented. The values of linewidth and g factor are as follows; ∆H = 0.30 mT and g=2.0057 ±0.0005, respectively. Considering the Fig.1 , the signal intensity of the sample increased significantly depending on increase in irradiation doses. This proves that the increase in amount of radiation absorbed by sample also increases the number of free radicals formed in the sample [12] [13] . In the calculations, although the dose of irradiation has reached up to 15 kGy, g spectroscopic splitting factor and ΔH linewidth of the sample were determined to remain approximately same. In spite of increasing radiation dose, no significant change is observed in the shapes of the signals recorded. Aside from qualitative detection EPR can be used for dose estimation [14] [15] . Therefore, the effect of increasing radiation dose on the spectra of SU was studied. The sample irradiated within certain intervals between 0-15 kGy is used in order to obtain dose-response curves. Central resonance signal change curve of SU depending on radiation dose applied is given in Fig. 2 . In the Fig. 2 ; square signs represent experimental results; while curves connecting them represent the closest mathematical functions to experimental results.
The choice of mathematical functions is quite important to determine the amount of absorbed radiation dose by measuring peak to peak signal intensities of the samples. However, there is no single ideal method for this selection. Mathematical equations that show the best fit of the samples and correlation coefficient (R 2 ) are given in Table 2 . This comment agree with results obtained for various kind of drugs studied before [16] [17] . In these functions, I and D are used for EPR signal intensity and treated irradiation dose in kGy, respectively and other parameters are constants to be determined. It should be noted that no attempt has been made to force regressions through zero. Considering Table 2 ; the best fit of SU sample seems to be with I = ae bD .
The signals created depending on irradiation of drugs should be capable of being tested during their shelf lives [18] . EPR spectra were recorded at room temperature within regular intervals in the daily process of 200 days. In the spectra obtained, no significant changes in the shape of EPR signals and g values were observed, while significant decrease was identified in the signal intensities. Decreased signal intensities indicate that the number of free radicals formed after irradiation also reduced. Throughout the process, sample was stored in an airtight and dark environment at room temperature. Decay curve of SU irradiated by 15 kGy is given in Fig.3 . The data indicated with squares represent experimental results. Considering Fig. 10 , according to spectrums of SU sample recorded at the end of 124 th day after irradiation, peak to peak signal intensity was reduced by 32%, whereas it was reduced by 72% at the end of the 196 th day, respectively. These data show that even at the end of the 200 th day, SD sample can be easily distinguished from non-irradiated sample by EPR spectroscopy method.
Conclusions
Since no EPR signal is observed in the non-irradiated sample and signals are clearly seen in SU spectra after irradiation, it is very obvious that free radicals are created after irradiation. Increasing irradiation dose up to 15 kGy has increased the signal intensity of the sample; however, no significant changes were observed in g spectroscopic splitting factor and ΔH linewidth. Obtaining visible signal in the spectrum of SU, which were stored at room temperature, even after 200 days of gamma irradiation shows that stable radicals are formed in this sample after irradiation process. Stable radicals formed after irradiation show that samples are not suitable for sterilization by radiation.
According to the analyses conducted, EPR spectroscopy can be used to distinguish irradiated and non-irradiated drug samples. The high correlation between experimental result of the sample on the dose-response curves and mathematical equations allows us to calculate the signal intensity of a sample obtained in any dose value.
In this dosimetric study conducted with EPR spectroscopy, radiation sensitivity of SU was determined in addition to EPR parameters of the radicals formed in the samples after irradiation.
